In this research, the use of borax sludge, which is generated in borax industry, as an additive in wall tile, was investigated. The wall tile samples were prepared by adding boron waste to the wall tile composition in the range of 2% -10%. The effect of boron waste on the physical and mechanical properties of wall tile was determined. The results obtained were compared with the control tile and Turkish Standards (TS). The boron waste addition up to 8 wt.% was found to improve the water absorption and strength of wall tile.
Introduction
Turkey has 72% of the total world boron reserves and is one of the world's largest producers of borates with 2.2 million ton/year. Most boron reserves are in the form of colemanite (2CaO•3B 2 O 3 •5H 2 O) and tincal (Na 2 O•2B 2 O 3 •10H 2 O) in Turkey. Borates are used in over 100 industries including glass, ceramics, enamels, detergents and insulation fibers [1] . Borax sludge is generated in significant amounts during the beneficiation of boron minerals and the production of boron compounds in Turkey. Annually 400,000 tons of borax wastes are formed in the tincal plants. This waste containing from 8% -20% B 2 O 3 is discharged in to the ponds. When these waste ponds overflow, they damage agricultural areas [2] . As boron compounds in this waste pass into soil, they form some complexes with heavy metals so that the potential toxicity of heavy metals increases [3] . Thus, boron compounds cause some serious health and environmental problems when the complexes pass to groundwater. So, there is a need to find the applications of this waste.
The concept of utilization of solid wastes and sludges contains the main principles of recovery, recycling and converting to value added products. Recovery and recycling is a well-known process. But, it again produces waste which causes disposal problems [4] . Borax sludge mainly comprises B 2 O 3 , CaO, MgO, Na 2 O and SiO 2 . Therefore, recently, there have been some studies on the use of boron wastes in the production of cement [5] [6] [7] . It is also an attractive candidate for making ceramic bodies such as wall tile and floor tile. Boron compounds are known to be a good fluxe in ceramics. These compounds form a glassy structure by bonding with silica and alkalis. They also reduce the melting temperature, increase thermal expansion coefficient and lead to a very tough body [8] . The possibility of using clay tailings from a borax concentrator in red brick production was investigated and up to 30% by weight tailings addition was found to improve the brick quality [9] . The effect of heat treatment on colemanite for the production of borides as related the ceramic industry was elucidated. The results showed that the raw colemanite could be processed through calcination in temperature range of 400˚C -600˚C [10] . The effect of coal fly ash and borax waste on the properties of wall tile was investigated. The firing strength of wall tile increased when the fly ash and borax waste used in the preparation of the standard tile composition was determined [11] . Although some studies on the use of boron wastes for ceramic production have been carried out, there does not exist any study on the use of borax sludge. For that reason, the aim of this study was to investigate the use of borax sludge as an additive in wall tile. The boron waste was characterized with respect to its chemical composition and mineral phases in the study. The wall tile samples were produced by adding boron waste to wall tile mixture at various ratios. The physical and mechanical properties of wall tiles were discussed in this text.
Material and Methods

Material
The borax sludge used in this study was provided from Etibank Kırka Borax Plant in Eskişehir, Turkey. The solid and liquid parts of this sludge were separated by filtering. The solid part was dried at room temperature and then sieved by using ASTM standard sieves. The particles smaller than 100 mesh were used in the experiments. The chemical analysis of boron waste was carried out by using XRF ARL 8680. The chemical analysis for boron oxide content was achieved by volumetric method [12] . The chemical composition of boron waste is given in Table 1 . Boron waste was characterized by X-ray diffraction (XRD). XRD was performed in Philips PW 1830 equipment. The wall tile mixture was taken from the outlet of spray dryer in Altın Ceramics Plant, Kütahya, Turkey. The chemical composition of the tile mixture is presented in Table 1 . The mineral composition of this mixture consisted of 41.87% kaolin, 24.03% quartz, 22% feldspar and 12% other additives.
Methods
Before the wall tile samples were prepared, the moisture contents of boron waste and the wall tile mixture were determined. According to this, the weight of wall tile mixture was adjusted to 2500 g and boron waste ratios in the wall tile samples were 0%, 2%, 4%, 6%, 8% and 10%, by weight. The wall tile sample without boron waste was designed as control tile. After 0.9% Na 2 SiO 2 and 50% water were added to these samples, they were 
Results and Discussion
Characterization of Boron Waste
The chemical analysis and XRD of the boron waste are given in 
Production of Tiles
Five types of wall tile samples were prepared with boron waste at various ratios, and one control tile without boron waste. The drying shrinkage, firing shrinkage, weight loss, bulk density, water absorption, drying strength and firing strength values of these samples were determined. The results obtained are given in Table 2 , Figure 2 As seen in Table 2 , drying and firing shrinkages generally increase with increasing boron waste ratio. While drying shrinkage and firing shrinkage of the control tile are 0.29% and 1.10%, respectively, those of the wall tile with 10% boron waste addition are 0.59% and 2.12%, respectively. The increase in drying shrinkage is due to the clay amount of tile body which increases with the clay content of boron waste used in the production of tile. The release of mechanical water and hydroscopic water from the clay and kaolin during drying causes that particles in the body come closer and closer together until they touch, leading to shrinkage [14] . It was observed that boron waste melted at 720˚C. This result can be explained by the fact that the high B 2 O 3 , MgO, CaO and Na 2 O contents in boron waste behave as network former, network co-formers and network modifiers, respectively, for the formation of glassy phase and lower the melting temperature of glassy phase [8] . So, the addition of boron waste increases the values of firing shrinkage.
The wall tile including boron waste has a bigger loss of weight by firing and a bigger firing shrinkage depending on how much more boron waste is contained in the tile (Table 2 ). The weight loss results from the dehydration and the evolution of carbon dioxide coming from the decomposition of dolomite and calcite. Bulk density changes between 1.77 and 1.88 g/cm 3 and is higher than the minimum value of 1.7 g/cm 3 according to TS 202 [15] . Higher bulk density is obtained due to the increasing of shrinkage and the reducing of porosity during sintering. The results of water absorption tests also confirm this situation. The water absorption values of the wall tiles including boron waste are lower than that of control tile (Table 2 ). This result indicates that glassy mass fills in the pores and thus lowers water absorption. In addition, the water absorption values are less than the maximum of 20% in TS 202 [15] .
The drying strength results are shown in Figure 2 . The drying strength of wall tile including 10% boron waste is 3.72 N/mm 2 while drying strength of the control tile is 2.89 N/mm 2 . Thus, in the case of using boron waste in wall tile production, there is an increase of about 29% in the drying strength in comparison with the control tile. This results in the increase in the ratio of the clay mineral used as binder in the tile body.
As seen in Figure 3 , while boron waste ratio increases from 0% to 8%, the firing strength of the tile increases from 13 denser body. When boron waste over 8% was added to wall tile, there is a decrease in the firing strength of wall tile. The reason of this may be that a large extent of fluxing oxides forms a glassy phase in the excessive amounts [14] . However, the firing strengths of wall tiles including 6%, 8% and 10% boron waste met the minimum 15 N/mm 2 required by TS 202 [15] .
Conclusions
Borax sludge was tested to determine whether this material can be used as an additive in wall tile production or not. The following results were obtained:
1) The use of boron waste in the control wall tile composition increases the drying shrinkage and the firing shrinkage.
2) The wall tile including boron waste has a bigger loss of weight by firing.
3) The water absorption of tile decreases as the boron waste content of the wall tile is increased.
4) The drying strength and firing strength of the tiles containing boron waste are higher than those of the control tile.
5) The addition of boron waste up to 8% improved the wall tile quality with respect to water absorption, drying strength and firing strength without compromising the other properties.
6) Boron waste coming from the borax industry may be used as an additive for wall tile production to the extent of a maximum 8 wt.%. By this way, economic loss and the soil and underground water pollution sourced from the borax sludge can be prevented. The production cost of tile can be reduced due to the saving material by the use of boron waste. In addition, energy saving is provided since the boron waste in powder form requires less grinding.
